A field trial on alley-cropping was conducted at the University of Ibadan research farm in the 1990\91 cropping season to assess the contributions of arbuscular mycorrhizal (AM) fungi and hedgerow woody legumes to the yield and nutrient uptake of cassava (Manihot esculenta Crantz) as an intercrop in an infertile soil. The trial also investigated the influence of AM fungi on the interplanting of a nonnodulating woody legume Senna siamea (syn. Cassia siamea) with a nodulating woody legume (Leucaena leucocephala).
INTRODUCTION
In many soils of the humid and sub-humid tropics of sub-Saharan Africa, soil productivity is low because the soils are prone to serious erosion (Sanchez 1976 ; Agboola 1987) and are inherently low in nutrients, particularly phosphorus (P) and nitrogen (N) (Kang & Wilson 1987) . Considerable efforts are being made to improve these soils through ' alley farming ' systems (Wilson & Kang 1981) in which woody legumes are planted in hedgerows and arable crops in the alleys between the hedgerows. This practice often leads to a reduction in erosion, an improvement of soil structure and an increase in the total yield of crops.
In the acid infertile soils of tropical South America, yields of tropical forage legume and cassava have been increased by inoculating the plants with Rhizobia * Present address : Department of Agronomy, University of Ibadan, Ibadan, Nigeria. To whom correspondence should be addressed.
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and AM fungi (CIAT 1986 ; Howeler et al. 1987) . AM symbiosis may be important to the P nutrition of legumes because of their high requirement of P for growth, N-fixation and subsequent nodulation (Newbould & Rangeley 1984 ; Saif 1987) . Also, the requirement of cassava for P fertilizer can be significantly reduced when inoculated with efficient arbuscular mycorrhizae (Sieverding & Howeler 1985) . Although the effects of AM fungi infection on plant growth in controlled environments are well established (Rhodes & Gerdemann 1980 ; Huang et al. 1985 ; Awotoye et al. 1992) , the significance of infection for the growth and nutrition of plants in agroforestry systems in the field is yet to receive attention.
Apart from AM fungal contributions, tree\crop interactions may occur when nodulating trees are interplanted with non-nodulating trees or arable crops in agroforestry systems. This may result in direct N transfer of fixed N from nodulating trees to nonnodulating trees or crops, as opposed to via prunings added to the soil (van Noordwijk & Dommergues 1990 ; Rao et al. 1993) .
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The objectives of this investigation were to determine (i) the contributions of AM fungi and hedgerow to the yield and nutrient uptake of cassava, and (ii) the interactions between nodulating and nonnodulating trees on their biomass yield when in association with each other in an alley-cropping system.
MATERIALS AND METHODS

Site and crop establishment
A field experiment was established at the research farm of the University of Ibadan, Nigeria. The soil of the experimental site is a Rhodic Kandiustalf (Balogun series). It had been continuously cropped with cassava, maize and yam for the previous 5 years before the commencement of this investigation without fertilizer application and was, therefore, low in available nutrients, especially P ( Table 1) .
The experimental design was a split-plot with three replicates, with the main plots arranged in randomized blocks. There were four main treatments consisting of three different hedgerows ; Senna siamea (syn. Cassia siamea) (Lam.) Irwin and Barneby, Leucaena leucocephala (Lam.) de Wit, interplanted S. siamea\L. leucocephala and no hedgerow. Cassava cv. TMS 30572 was the only intercrop in all the three hedgerow treatments ; in the fourth treatment, it was the sole crop. In the subplot, plants were either inoculated (Mj) with AM fungus (Glomus clarum (Nicholson & Schenck) or were not inoculated (Mk). There was no attempt to destroy the indigenous AM fungi which were identified as Glomus mossae, Glomus etunicatum and undescribed Acaulospora spp., which were identified by comparison with reference collections and published descriptions (Gerdemann & Trappe 1974 ; Berch 1988 ; Morton 1988) . Hence, the non-inoculated trees and cassava were also infected by mycorrhiza to some extent.
Each subplot was 12i12 m consisting of either three rows of each hedgerow tree with 12 rows of intercropped cassava or 12 rows of sole cassava. The trees were planted in rows 4 m apart spaced 50 cm within the rows, while the cassava was planted in rows 1 m apart spaced 1 m within rows. This gave plant population densities of 5000 hedgerow and 10 000 cassava plants ha −" . The trees were established from 4-week-old seedlings previously grown in nursery polyethylene bags (11n5 cm diameter, 15 cm deep) containing sterilized topsoil from the field site. Cassava plants were established by planting 0n2 m stem cuttings directly in the field. The trees were planted in the furrows between the ridges while the cassava stem cuttings were planted inclined on top of the ridges to avoid initial competition between the two plants. Plants were inoculated with a 10 g inoculum of G. clarum. This consisted of soil, AM spores and hyphae, and infected root fragments. Hedgerow trees and cassava were inoculated by placing the crude inoculum directly under the seeds in the polyethylene bags in the nursery or under the stem cuttings in the field, respectively.
Plant harvest and analysis
AM infection was assessed by taking root samples at random locations within each subplot. Roots were stored in 50 % ethanol until required. The roots were cleared using 10 % KOH in an autoclave at 121 mC for 15 min. They were further cleared for their pigments with alkaline H # O # before staining with Chlorazole Black E solution (Brundrett et al. 1984) . The grid intersect method (Giovanetti & Mosse 1980) was used to determine the percentage root infection.
The trees and cassava were harvested 12 months after planting. The hedgerow trees were cut at 50 cm above soil level, and then separated into leaves and stems. Their dry weights were determined separately after drying at 70 mC for a day (leaves) or 4 days (stems). Six hedgerow trees across the three rows from each replicated subplot were harvested. Cassava plants were harvested for tuberous roots, fibrous roots, stems and leaves from the 4 m# area next to the hedgerows in each subplot.
Ground leaf samples of hedgerow trees and cassava were digested by the micro-Kjeldahl method and the N concentration was determined colorimetrically using a technicon autoanalyser (IITA 1982) . Phosphorus concentration was determined according to the method of Murphy & Riley (1962) , while K, Ca and Mg were determined by atomic absorption spectrophotometer. The uptake of each nutrient was calculated as the product of its concentration and leaf dry weight.
Contributions by the introduced AM fungus or hedgerow trees to the yield or nutrient uptake of cassava were estimated according to the method of Kothari et al. (1991) as follows :
Introduced AM fungus contribution l (AkB)\Ai100 % where A l total yield or nutrient uptake by inoculated cassava, B l total yield or nutrient uptake by noninoculated cassava.
Hedgerow contribution l (AhkBh)\Ahi100 % where Ah l total yield or nutrient uptake by inoculated or non-inoculated alley-farmed cassava, and Bh l total yield or nutrient uptake by inoculated or non-inoculated sole cassava.
Statistical analysis
Analysis of variance procedures were performed on all data to test the treatment effects on various measured parameters. The treatment means were compared using least significant difference at P l 0n05.
RESULTS
At harvest, there were no differences in amounts of AM infection between the treatments of each tree species except between inoculated and non-inoculated trees of non-interplanted Leucaena (Table 2 ). In cassava, the degree of infection was higher for inoculated than non-inoculated plants in both sole and alley-cropped cassava, but not between different hedgerow treatments.
Except for non-interplanted Leucaena, there was no influence of mycorrhizal inoculation on the stem Non-interplanted Sole Mj 24n5 3 7 n 9 5 0 n 4 M k 19n4 2 1 n 9 2 3 n 4 Interplanted Alley-cropped Mj 19n5 3 6 n 9 5 5 n 5 M k 15n3 2 6 n 5 3 8 n 2  .  . 5 n 37 5n37 3n68 ..
1 2 1 2 6 
- 12 12 dry weight of hedgerow trees (Table 3 ). In contrast, mycorrhizal inoculation significantly increased the leaf dry weights of the non-interplanted trees but not the interplanted trees. The cassava tuberous and stem fresh weight, leaf and fibrous root dry weight, and the lateral spread of tuberous cassava roots under different hedgerow trees were affected by mycorrhizal inoculation in similar ways and, therefore, these parameters for the hedgerow trees were combined (Table 4) . Inoculation did not affect the alley-farmed cassava tuber yields. However, in sole cassava plots, tuberous root yield was increased 2-fold by AM inoculation. Stem fresh weight and leaf dry weight of cassava were significantly increased by mycorrhizal inoculation in both the sole and alley-farmed plots (Table 4) . Neither root dry weight or root growth of cassava were influenced by AM inoculation except that the lateral spread of root in inoculated sole cassava was 1n5 times greater than in the other treatments.
Similar to leaf dry weight of hedgerow trees, P uptake of the non-interplanted trees was significantly increased by AM inoculation while that of interplanted trees was unaffected (Table 5) . Unlike P, the other nutrients (N, K, Mg and Ca) were significantly increased by AM inoculation in both the noninterplanted and interplanted trees.
In both the sole and alley-cropped cassava, the uptake of nutrients in inoculated plants was higher than in non-inoculated plants (Table 5) . Apart from P, the uptake of other nutrients was generally similar between inoculated or non-inoculated sole and alleyfarmed cassava. Sole Mj 30n4 2 8 n 1 1 n 7 0 n 05 79n4 Mk 15n0 6 n 9 0 n 8 0 n 03 50n6 Alley-cropped Mj 33n2 3 7 n 7 1 n 5 0 n 10 58n3 Mk 26n3 2 2 n 7 1 n 1 0 n 06 58n6 ..
3 n 53 2n75 0n12 0n02 8n45 .. 6 6 6 6 6 
Non-interplanted Mj 2n9 3 9 n 2 1 9 n 6 3 n 3 3 8 n 5 M k 1 n 0 1 7 n 9 1 0 n 7 1 n 6 9 n 5 Interplanted Mj 1n4 3 4 n 2 1 6 n 8 4 n 3 2 1 n 7 M k 0 n 9 1 7 n 8 1 0 n 6 2 n 2 1 0 n 5 Leucaena Non-interplanted Mj 3n7 8 4 n 1 5 2 n 4 8 n 8 4 5 n 4 M k 1 n 4 3 8 n 7 2 0 n 4 4 n 6 1 9 n 5 Interplanted Mj 2n7 7 0 n 2 3 5 n 2 6 n 6 3 7 n 2 M k 2 n 3 4 9 n 1 2 3 n 4 4 n 7 2 4 n 5  .  . 0 n 58 4n80 2n87 0n48 2n83 .. 1 2 1 2 1 2 1 2 1 2 Cassava Sole Mj 3n1 5 1 n 7 2 8 n 1 6 n 6 2 2 n 1 M k 1 n 1 2 2 n 6 1 3 n 8 2 n 4 1 0 n 9 Alley-cropped Mj 3n4 5 4 n 2 2 6 n 9 6 n 1 1 8 n 1 M k 2 n 6 3 7 n 8 1 8 n 8 3 n 8 1 3 n 0  .  . 0 n 18 6n22 3n57 0n67 1n05 .. 6 6 6 6 6
In non-interplanted trees and sole cassava, uptake of nutrients by inoculated plants was 100-150 % higher than that of non-inoculated plants (Table 5) . With interplanted trees and alley-cropped cassava, the uptake of nutrients by inoculated plants was only 11-70 % (except for Ca in Senna) higher than that of non-inoculated plants.
The sum total of AM contributions to sole and alley-cropped cassava were greater than the sum total of hedgerow contributions to inoculated and noninoculated cassava (Table 6 ). In general, AM contributions to sole cassava in terms of biomass yield and nutrient uptake were higher than for alleycropped cassava. Hedgerow contributions were less for the inoculated than non-inoculated cassava. AM contributions to tuber and stem yield, and nutrient uptake of alley-farmed cassava were consistently significantly higher than hedgerow contributions to 
n 6 5 7 n 7 4 0 n 2 2 6 n 6 3 6 n 8 1 6 n 2  .  .
3 n 60 4n97 5n31 5n17 6n45 7n61 6n22 .. 6 6 6 6 6 6 6 inoculated cassava. Except for P and N, hedgerow contributions to nutrient uptake of inoculated cassava were negative.
DISCUSSION
The significant contributions of AM fungi and hedgerow trees to cassava yield in an alley-cropping system emphasise their importance in agroforestry. This study confirms the reports from other findings that woody legumes and cassava rely largely on efficient AM associations for nutrient (particularly P) uptake and improved growth when soil P has low availability (Howeler et al. 1987 ; Osonubi et al. 1991 ; Atayese et al. 1993) . However, K, Mg and Ca elements are more mobile in soil solution than P and direct transport of these elements has not been confirmed (Powell 1975 ; Sieverding 1991) . The negative contributions of the hedgerows to the uptake of these nutrients of inoculated cassava (Table 6 ) may have been partly the result of competition for nutrients. As indicated in our study with respect to inoculated cassava, alley cropping slightly increases the yield of tuberous root and significantly that of stem but without any increase in its leaf dry weight (Table 4) . These results would seem to confirm the suggestion of Bowen (1985) , that where competition for nutrient uptake is intense, as in agroforestry systems, the uptake of mobile nutrients may be significantly but indirectly influenced by mycorrhizas through increased root and\or top growth resulting from increased P uptake. The uptake of P and other nutrients by inoculated cassava was significantly greater than uptake by non-inoculated cassava. This may be further confirmation that absorption of P by mycorrhizal hyphae from distant areas away from the root surface (Rhodes & Gerdemann 1980 ; Newman 1988 ; Finlay & Soderstrom 1989 ; Newman & Eason 1989 ; Kothari et al. 1991) may be a key factor in AMmediated cassava nutrient uptake. Although AM fungi contributions were greater than hedgerow contributions (Table 6 ), the future effectiveness of AM fungi in alley cropping depends on the prunings of hedgerows which will replenish the soil nutrients when they are exhausted.
The lack of a growth response of trees to AM inoculation under low P soil after a short period of establishment in the field is well documented (Cornet et al. 1982 ; Reddell & Warren 1986 ). The percentage increases in nutrient uptake of inoculated interplanted trees and alley-cropped cassava relative to their noninoculated counterparts are lower than the percentage increases for similar treatments in non-interplanted trees and sole cassava (see Results and Table 5 ). These indicate some nutrient interactions between either nodulating and non-nodulating interplanted trees or hedgerow trees and cassava in alley cropping. The lack of response to inoculation by interplanted trees in terms of leaf dry weight and P uptake may be due to root competition for uptake of nutrients and water. However, the non-inoculated Leucaena seems to benefit from interplanting probably due to better association with the native AM fungi than the competing Senna. Cassava benefits more from alley cropping in the absence than in the presence of introduced AM fungi and it also benefits more from inoculation with mycorrhiza when grown as a sole crop than when alley-cropped. Hence, in a very low P soil, cassava responds more to AM inoculation than Leucaena which in turn responds more than Senna.
When roots of N-fixing trees are in close contact with roots of non-N-fixing plants, the nodules from the N-fixing tree may provide nutrients directly to the non-nodulating plants by releasing biologically fixed N during nodule senescence (Haystead et al. 1988 ; van Noordwijk & Dommergues 1990 ; Rao et al. 1993) . This may provide another explanation for the non-significant difference in the fresh tuberous yields of inoculated and non-inoculated alley-cropped cassava. Interestingly, we have observed Leucaena roots with nodules on cassava tubers at 0n5 m from the Leucaena hedgerow. Similar findings have been reported for cassava by Hairiah & van Noordwijk (1986) . Another plausible explanation for similar tuberous root fresh weight between treatments of alley-cropped cassava may be due to greater stem fresh weight of inoculated plants. The greater partitioning of dry matter to the stem of inoculated compared with the non-inoculated may be responsible for non-significant differences between the tuberous root yield of inoculated and non-inoculated alleycropped cassava.
